Ginseng (the root of Panax ginseng C.A. MEYER, Araliaceae), is frequently used as a traditional medicine in China. Ginsenosides are considered to be the main active ingredients of ginseng root. At present, more than 40 types of ginseng saponin have been identified [1] . They can be divided into three types, protopanaxadiol, oleanolic acid and protopanaxatriol, and there are about 20 types of protopanaxadiol [2] . Compound K (CK, Figure 1 ), which is the metabolite of protopanaxadiol in the intestine, has various health benefits, including anti-tumor [3] , anti-allergic [4] , antiinflammatory [4] and anti-diabetic activities [5] . CK has been reported to have a therapeutic effect on diabetes by blocking the ATP-K+ channel to promote the secretion of insulin [4] . Glucolipid metabolic disorder of diabetes, renal hemodynamic disorder, several cytokines, growth factors, and inflammatory reactions eventually cause kidney lesions, and the occurrence of diabetic nephropathy (DN) [4] . DN, which is associated with high morbidity and mortality, is one of the most serious microvascular complications in the later phase of diabetes [6] . Therefore, DN is one of the main causes leading to the death of patients with diabetes. In this study, we describe a series of experiments designed to test the renal protective effect and mechanism of CK on HFD/STZ-induced diabetic rats. 
Effects of CK on serum biomarkers:
The effects of CK on serum biomarkers in normal and HFD/STZ-induced diabetic rats are shown in Table 1 . Compared with the DM group, the levels of FBG, TC, TG, LDL-C, UA, BUN and Scr were significantly inhibited by CK, while the level of HDL-C was enhanced by CK after seven weeks (P<0.05). The rats in the CON group showed no significant changes.
Effects of CK on renal tissue biomarkers:
The effects of CK on renal tissue biomarkers in normal and HFD/STZ-induced diabetic rats are shown in Table 2 . Compared with the DM group, the vitality of SOD was markedly increased by CK, while the level of MDA was significantly inhibited by CK after seven weeks (P<0.05). Additionally, the levels of GSH and GSH-PX were enhanced by CK (P<0.05). The rats in the CON group showed no significant changes.
Effects of CK on renal tissue pathomorphism:
Renal tissue structure of rats in the CON group was normal, the glomerular volume was normal, the capillary lumen was clear, internal cells were normally arranged, and the renal tubular structure was also normal (Figure 2a ). The glomerular volume of rats in the DM group was larger, the balloons were adhered together, the mesangial area was expanded, and the renal tubular area was expanded, swollen and completely aggregated (Figure 2b) . Compared with the DM group, the glomerular volume of rats in the CK group was normal, the adhesion of balloons had been alleviated, and the renal tubular structure had returned to normal (Figure 2c ). 
Effects of CK on TGF-β 1 expression in renal tissue:
Compared with the CON group, the expression of TGF-β 1 in the DM group had significantly increased (P<0.05). However, compared with the DM group, the expression of TGF-β 1 was significantly reduced by CK after seven weeks (P<0.05). The rats in the CON group showed no significant changes ( Figure 3) .
Panax ginseng is a traditional precious herb in China. Its main active ingredients include ginsenosides Rb 1 , Rb2, and Rc. These ginsenosides need to be transformed into CK by intestinal bacteria for their roles in pharmacodynamics, since they cannot be absorbed directly by humans [8] . At present, the main techniques used for preparation of CK are enzymatic hydrolysis and microbial transformation. The conversion rate of the latter technique is low, and requires meticulous selection of strain [9] . Therefore, CK was prepared by enzymatic hydrolysis in this study. Ginsenoside Rb1 was transformed by β-glucosidase, separated and purified by silica gel column chromatography to obtain CK. This technique is simpler, more specific, with a higher conversion efficiency compared with other methods. Hence, it can be used for large-scale production of CK to study its pharmacological effects.
Previous studies have shown that ginsenoside Rb 1 can effectively inhibit DN, but it is not known whether CK, which is its active metabolite, has the same effect on DN. Progressive hyperglycemia in diabetes can increase the oxidation of glucose, generate too many oxygen radicals, and eventually cause oxidative stress Oxidative stress can cause kidney injury by increasing the permeability of the cell membrane, making antioxidant enzymes in renal cells, such as SOD and GSH-PX, saccharify or oxygenize, and reduce the capacity of renal antioxidants [10] . In our study, the activities of GSH, GSH-PX and SOD were significantly lowered in diabetic rats, renal pathomorphism was markedly altered, and the renal cells became hypertrophic. This could result in accumulation of ROS generated by oxidative stress in the tissues of the diabetic rats. ROS can enhance the expression of TGF-β 1 in renal tissue by the angiotensin II-TGF-β 1 -Smad signaling pathway [11] , thereby leading to the accumulation of mesangial cells in the extracellular matrix and glomerulosclerosis [12] . The results showed that GSH level and the vitality of SOD and GSH-PX had significantly increased, while the expression levels of MDA and TGF-β 1 in renal tissue had significantly decreased in the CK group. These findings demonstrated that CK has a protective effect on the kidneys of diabetic rats by inhibiting oxidative stress and TGF-β 1 expression in renal tissue. 
Preparation of CK:
Reactions were performed in sodium acetate buffer (pH 4.0) containing ginsenoside Rb 1 and 20% β-glucosidase at 50ºC for 48 h. The extraction mixture was evaporated to dryness, and the residue dissolved in methanol. This extract was separated by silica gel column chromatography to obtain CK.
Preparation of HFD/STZ-induced diabetic rats:
The rats were fed with HFD for 4 weeks, and then injected intraperitoneally with 30 mg/kg of STZ twice within 2 weeks. Their FBG levels were measured in week 2 after injection. The model was found to be successful, since the FBG values were above 7.8 mmol/L [7] .
The experimental group:
The normal control (CON) group (n=8) was fed with NPD. The diabetic model rats were randomly divided into 2 groups (n=8 in each group), and continuously fed with HFD. One group was used as the diabetic model (DM) group, while the other group was orally gavaged with 10.5 mg/kg of CK per day for 7 weeks. Rats in the CON and DM groups were gavaged with the same volume of CMC-Na solution.
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Determination of serum biomarkers: After 7 weeks, the rats were starved for 12 h before being euthanized. The animals were anaesthetized by injecting them intraperitoneally with 1 mL/100 g of urethane. Blood samples of 5 mL were collected from the abdominal aorta, separated by centrifugation at 4000 rpm/min for 15 min to obtain the serum samples, and stored at -80°C. FBG, TC, TG, HDL-C, LDL-C, UA, BUN, and Scr assays were performed according to the instructions provided with the respective kits.
Analysis of renal tissue biomarkers:
The renal tissue was collected when blood samples were collected, and cut into pieces and thoroughly homogenized, followed by adding 9 times volume of normal saline. All the procedures were performed on an ice bath. The homogenate was centrifuged at 4000 rpm/min for 15 min at 4°C, and the protein concentrations in the supernatants were assayed using the BCA test kit. The vitality of SOD, MDA, GSH and GSH-PX was determined according to the instructions provided with the respective kits.
Observation of renal tissue pathomorphism:
The kidneys were fixed in 10% formalin solution, and dehydrated with ethanol and dimethylbenzene. The dehydrated samples were paraffin-embedded, and then cut into 2 μm pieces. The pieces were HE stained, whereby the nuclei were blue and the cytoplasm red. The cells were imaged using a 400× light microscope.
Determination of TGF-β 1 in renal tissue:
Renal tissue extracts, stored at -80°C, were prepared in ice-cold RIPA lysis buffer containing a protease inhibitor [8] . The proteins were separated by 10% SDS-protein gel electrophoresis, and transferred to a nitrocellulose filter membrane. The membrane was blocked with 5% non-fat milk, and then incubated with anti-NADPH and anti-TGF-β 1 primary antibodies overnight at 4°C. After washing thrice with PBST, the membrane was incubated with goat anti-mouse IgG conjugated to horseradish peroxidase secondary antibody. The target protein levels were detected using an enhanced chemiluminescence kit. GAPDH was used as an internal control, and the blots were probed with anti-GAPDH mAb. Protein levels were quantitatively determined by densitometry using Quantity One software.
Statistical analysis:
The results were expressed as mean ± SD. Data analyses were performed using SPSS version 13.0 software. An analysis of variance test was performed to test for differences in the treatment, and Student's t-test was performed to check for any significant differences among the 3 groups.
